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[00011 The present invention is concerned with a novel process for the manufacture of (all-rac)-a-tocopherol by the 
ac.d-catalyzed reaction of trimethylhydroquinone (TMHQ) with isophytol (IP) orphytol (PH) in a solvent. As is known 
(all-rac)-a-tocopherol (or as it has mostly been denoted in the priorart,"d,l-«-tocopheror)isadiastereoisomericmixture 
of 2 ) 5,7,8-tetramethyl-2-(4- > 8M2 1 -trimethyl-tridecyl)-6-chromanol (a-tocopherol), which is the most active and industri- 
ally most important member of the vitamin E group. 

[0002] Many processes forthe manufacture of "d.l-a-tocopherol- (referred to as such in the literature reviewed here- 
inafter) by the reaction of TMHQ with IP or PH in the presence of a catalyst or catalyst system and in a solvent or 
solvent system are described in the literature. These processes go back to the work of Karrer et al., Bergel et al as 
well as Smith et al. [see Helv. Chim. Acta 21. 520 et seq. (1938), Nature 142, 36 et seq. (1938) and, respectively 
Science 88 37 et seq. (193B) and J. Am. Chem. Soc. 61, 2615 et seq. (1939)]. While Karrer et al. carried out the 
synthesis of d,l-a-tocopherol from TMHQ and phytyl bromide in the presence of anhydrous zinc chloride (ZnCU- a 
Lewis acid), not only Bergel et al. but also Smith et al. used TMHQ and PH as starting materials. In the following years 
mainK/ modifications, e.g. alternative solvents and Lewis acids, were developed. From the work of Karrer et al there 
was devetoped in the year 1 941 a technically interesting process for the manufacture of d,l-a-tocopherol which was 

S^ff reaCti ° n ° f ™ HQ With ' P the presence of the catalyst system ZnCl^ydrochloric acid (HCI) (US Patent 
2411 969). Later publications, e.g. Japanese Patent Publications (Kokai) 543B0/1 985, 64977/1 985 and 226979/1 987 
[Chem^ Attracts (C.A.^ 

describe th.s reaction in the presence of zinc and/or ZnCU. and a Bronsted (protonic) acid, such all hydrehalic acid 
eg. HCI, tnchloroacetc acid, acetic acid and the like, especially ZnCU/HCI, as the catalyst system. Disadvantages of 
these and further published processes featuring ZnCL, in combination with a Bronsted acid are the corrosive properties 
of the acids and the contamination of the waste water with zinc ions as a result of the large amount of ZnCU required 
Tor the catalysis. * ^ 

» [0003] The manufacture of d,l-a-tocopherol by the reaction of TMHQ with phytyl chloride, PH or IP in the presence 
of boron tnfluoride (BF3) or its etherate (BFa-EtaO) is described in German Patents 960720 and 1015446 as well as in 
US Patent 3 444 21 3. However BF 3 too has corrosive properties. 

[0004] Also the reaction of TMHQ with IP or PH in the presence of a Lewis acid, e.g. ZnCU, BF 3 or aluminium 
tricMonde (AJCfe) a strong acid, e.g. HCI, and an amine salt as the catalyst system is described in European Patent 
Publication (EP) 100471 . In an earlier patent publication, DOS 2606830, the IP or PH is pretreated with ammonia or 
an amine before the reaction with TMHQ in the presence of ZnCI 2 and an acid is effected. In both cases corrosion 
problems occur. - . . . 

• Tf ^ -^/^^ 1 » r - intereStin9 m6th0d f0rthe manufactur e <* d,l-a-tocopherol from TMHQ and IP comprises using an 
isolated TMHQ-BF3 or AICI 3 complex and a solvent mixture featuring a nitre compound (DOS 1 9091 64) This process 
avoids to a large extent the formation of undesired by-products because it involves mild reaction conditions The yield 
of d,l-a-tocopherol, based on IP and the use of the solvent mixture methylene chloride/nitro-methane, is given as 77% 
However, the use of such a solvent mixture is disadvantageous. 

[0006] The manufacture of d,l-a-toco P herol by the reaction of TMHQ with IP using cation exchange resin complexes 
of metal ions (Ziv* Sn** and Sn**) is disclosed in Bull. Chem. Soc. Japan 50, 2477-2478 (1977); amongst other 
disadvantages it gives the product in unsatisfactory yields. ~~ 
[0007] The use of macroreticular ion exchangers, e.g. Ambertyst® 15, as the catalyst for the reaction of TMHQ with 
LL, 68 ^ US Pat6nt 3459773 - H ° WeVer> the ^"tocopherol could not be obtained in the requisite purity. 
[0008] EP 603695 describes the manufacture of d,l-a-tocopherol in liquid or supercritical carbon dioxide by the re- 
acton of TMHQ with IP or PH in the presence of acidic catalysts, such as ZnCU/HCI and ion exchangers. The reported 
43 yields are unsatisfactory. 

[0009] The reaction in the presence of a catalyst system which consists of iron(ll) chloride, metallic iron and HCI aas 
or aqueous solution is described in DOS 2160103 and US Patent 3789086. The formation of less by-products is ad- 
van ageous compared with the aforementioned process using ZnCU/HCI. However, corrosion problems and chloride 
contamination are equally disadvantageous. 

[0010] An interesting alternative for the reaction of TMHQ with IP to d,l-a-tocopherol comprises using trifluoroacetic 
acid or its anhydnde as the catalyst (EP 12824). Although in this process the avoidance of HCI is achieved, the catalyst 
is relatively expensive. 7 

!?™L Th( L U ?n ° f the heteropo| y 301(1 12-tungstophosphoric or 12-tungstosilicic acid as the catalyst forthe reaction 
of TMHQ with IP was described for the first time in React. Kinet. Catal. Lett. 47(1), 59-64 (1992). d l-a-Tocopherol 
» could be obtained, using various solvents, in about 90% yield. 

[0012] A further process described in the literature [EP 658552; Bull. Chem. Soc. Japan 68, 3569-3571 (1995)1 for 
the synthesis of d,l-o-tocopherol is based on the use of a various lanthanide trifluorometharTesulphonates (triflates) 
e.g. scandium trrfluoromethanesulphonate, as the catalyst for the reaction. With up to about 10% excess of IP this 
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process gives yields up to 98%. 

^ * ^ °' ion - exchan 9 ed bentonite, montmorillonite or saponite through treatment with e g scandium chlo- 
ride and other metal salts (yttrium, lanthanum, etc.) as the catalyst for the reacL of TMHQ with IP Tm ZTz 
^advantage the need for a large amount of catalyst [EP 677520; Bull. Chem. Soc. Japan 69, 137-139 (1996^ 
[0014 Accordmg to the Examples of EP 694541 the reaction of TMHQ with IP to a-tocophe Jean b acSed in 
high yields and w,th a high product pur«y when such solvents as carbonate esters, fatty acid'este. TcSSSZ 
1 sys ems are employed, the exemplified cataVsis being effected by ZnC^CI. Disadvantages in this proSss 
^ ; inadd,t.on to the contamination of the waste water by zinc ions, the usual laTge^stamounT-SznctTe? 
[0015] Accordingto^^^ 

[0016] In EP 784042 there is described the use of hydrogen bis(oxalato)borate as a protonic acid catalyst in various 

EH? *° 98/21197 describes the manufacture of d,l-a-tocopherol from TMHQ and IP using bisftrifluoromethvl- 
sulphonyljm.de or a metal salt thereof optionally together with a strong Bmnsted acid, as cataLTnTchTpes of 
aprote solvents as aliphatic and cyclic ketones or esters, and aromatic hydrocarbons 

soInT manUfaCtUnn 9 process can ateo be realized in supercritical carbon dioxide or nftrous oxide as the 

SL F ^ m e the fOT90i " 9 ^ * iS 6Vident 11,31 most of the Piously known processes have considerable disad- 
vantages. Thus, corros,on problems occur in all processes in which such acid catalysts as boron trifluoride are usS 
Toxicrty problems w* the boron trifluoride adducts also occur, and when iron or zinc is used there is a 

unsatfefaclS 0,UOTea ^ chlo ^ h y tob . ba nespedallysenous P roblem..nmost^ 
KLIl! e ft f 0 S eCt t? | t K e , PreSent inVentl '° n iS 10 Provide a process for,he ^nufacture of (all- raC )-a-tocopherol by 

no, or at least a much reduced, corros^e action, is non-toxic, does not contaminate the environment e q with chic! 
SJf* or h eavy metal ionS( and ^ ^ ^ as poss^anTn h gh 

CKsss :sxr disp,ay rts activfty in smaii> rea,,y — - — - ^ 

Eii™!,!!^ ?! the PreSem inVenti ° n iS aChi6Ved DV out the action of trimethylhydroquinone with 

XrVhe^'r ? P « reSenCe ° f hydr09en tris -(° xa,ato )P^Phate as the catalyst in an organic solvent. 
[0022] The reacuon rtself is represented in the following Reaction Scheme, showing the reaction with IP only- 
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[0023] Accordingly, theprocess in accordance with the present invention forthe manufactureof (all^-a-tocopherol 
bythecatalyzed reaction of trimethylhydroquinone w,th isophytol or phytol is characterized by car^^ 
in the presence of hydrogen tris(oxalato)phosphate as the catalyst in an organic solvent 
[0024] The catalyst, which has the following formula 
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has not been previously disclosed. It can be produced very simply by reacting phosphorus pentachloride with oxalic 
ac.d in an aprotic organs solvent, whereby the hydrogen chloride gas generated in the reaction is removed from the 
reaction mixture. This reaction is represented by the equation: 



55 



PCI 5 + 3 (COOH) 2 -> [P-(C 2 0 4 ) 3 ] H + + 5 HCI 

[0025] The oxalic acid should be as anhydrous as possible; if necessary, it should be predried by treatment with a 
des.ccat.ng agent e^g. according to well-known procedures. The reaction for producing hydrogen tris(oxalato)phos- 
phate can be effected in practice either by adding the phosphorus pentachloride to the oxalic acid in the solvent or by 
add.ng the oxalrc acd to the phosphorus pentachloride in the solvent, the addition in each case being portionwise As 
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the aprotic organic solvent there is suitably used a lower aliphatic mono-or diether, e.g. diethyl ether or respectively 
d.methoxyethane; a cyclic ether, e.g. tetrahydrofuran; a lower dialkyl carbonate, e.g. d.methyl or .^JJ^KTS 

SZZST ** f r ,6ne " Pr0Py ' ene Ca,b0nate: 3 an « hydLrbon e g ben^ne or 

honed aprotc organic solvents. Depending on the solvation potential of the employed solvent both the reactants will 

^ T^fT" mwein or present in suspension therein - e - g in the ' atter — wh - 

ZL!L f The / eactlon 10 P roduce the nydrogen tris(oxalato) phosphate is conveniently effected in the 

^^^°^^ t0 ^^^P^^^^S : 1 (equiva te ntproportions)orslight l yhigher! 
Dul Z r Z B S " 9hl 6XCeSS - Cowenient| y- "° ™ re than -bout 5% excess of oxalic acid is emploW 

m Z?.l„ k T?" Ch,0ri(te 938 fe Continuous| y 9 enerated . and e«icient separation from the rS 
l„n T ^ P h r0m0 i ed Vari0US Ways ' •* by " stri PP in 9" °" P^ge of an inert gas, e.g. naZn" 

argon through the mature, by effecting the reaction under reduced pressure or wift continuous ^ 

o°^ir m ? ^ bV heatin9 °" ^ the reason under reflux, orbya^^^ 

chloridp°Ifn^ Pr ?f eSS measurcs - ,n certain cases, e.g. on using diethyl ether as the solvent, the general hydrogen 
chtonde can also be removed by liquid/liquid separation: in such a case the reaction mixture forms into Jo liquid 
phases, ..e. a lower, denser phase containing the desired hydrogen tris(oxalato)phosphate in the form of etoer 

S^SST ° P °° r S0,Ub ," rty ° f thC ^ ether ' hardly an * P roduct fe ■"»•"»■ The upper phase can be 
^ovedfrom the lower phase, and the tetter extracted one or more times with ether to remove any hydrogen cnToride 

? T .' ^ 8 ^ a ' mn9 ° l,y PhaSC ' C ° nSiStin9 ""^ 0f the h y dr °9 en tris(oxalato)phosphate diethyl et3e a*SS 
part.cu.any of the formula [P-^O^H+M (C^O), can then be subjected to reduced pressureX^ auoom 
temperature for several minutes to remove unbound ether sohrent and al least some of the b^nd eS ff S 

T n tl^T*lZ*°?T m ™ S0,id ^ exa *~«n of the adduct depends Z ^SndS 
2 ea ^ H Case - t yP |cal add "ct with diethyl ether features on average about 2 molecules of diethyl ether pe 
molecule of hydrogen tris(oxalato)phosphate. y P 

ES5L S"? ° n Va t ri ° US I 3010 ' 5 ' SUCh 83 the DatCh Weights « * e rate of reacta "t addition, «ie employed solvent 

S Wj 2? n * in ^ Pr0CeSS wit" the present invention without purification,and for 
examp e can be used desprte containing some solvent remaining from its preparation. Indeed, it may even be added 
«on. for examp.e in an aliphatic ether or a dialky. or alkylene carbona^for example me so JenHn wnicMhl 
catalyst was prepared. Moreover, it may be used as its adduct with a solvent, particularly an aliphatte ether such as 

SSI 7* 9 - ^ I 0 "' addUCt ° f ^ aforementioned fo -"'a PtqAW H* • 4 ic 2 H 5 toTfurthe aTucfc 
with d,ethyl ether, e.g., and preferably, the one featuring on average about 2 molecules of diethyl ether per molecut 

p°;rre^ 

[0028] In respect of the process for manufacturing (all- rac )-«-tocopherol in accordance with the present invention it 

bI^TT* f, T d ^ 38 3 reSU,t °' the USe ° f the tris(oxalato)phe^e wS is a 

Bronsted ac d only small amounts of the undesirable by-products phytadienes are foLd, although it is kn" w if or^ 

SrSE^STT ^ alCOh ° IS ' Partfcu,ar ■** ateonob N- 'P or PH), easiiy dehydrate in HjZlS 
sulfur- and fluonne-containing compounds in the process 

2 S y u S,T hiCh ^ b ? in ^ ^ ° f present invention are P°'a' aprotic and non-polar organic 

.sobutyl methyl ketone and, respectively, cyclopentanone and isophorone; cyclic esters, e.g. r butyrolactone an I di 
alkyl and alkylenecarbonates. e.g. dimethyl carbonate and diethyl carbonate, and respeJLSy ST ZZil 

S?^ta B " ^ P " e and ° Ctane ' 3nd ar ° matic n y dr °carbons, e.g. benzene, toluene and the xylenes Z- 

"TJLT ° r m ,° re ° f eacn of «*«* can be used. The reaction can be effected in a single soC^hase 

abphasx; sohrent system. espedal V one consisting of a polar aprotic organic solvent, e.g. emy.ene and/or p^^^^^^^ 
carbonat^as the one phase and a non-polar organic solvent, e.g. heptane, as the other phase. * 

90 C to about 125-C, and most preferably from about 105°C to about 120°C 
Elvexttr^ 

ven,emiy extends from about 1 : 1 to about 2.5 : 1, preferably from about 1.5 : 1 to about 2.2 : 1, and is most preferably 
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• 51 J? T° Unt ° f ° ata,ySt USed is such ** the molar rati0 of ^aPyst to the educt (trimethylhydroquinone or 
isophytol/phytol) which is in the lesser molar amount (usually the isophytol or phytol rather than the trimethylhydroqui- 
none) .s conveniently about 0.005 : 100 to about 4 : 100, i.e. the amount of catalyst is conveniently from about 0 005 
mole ^toabout4mole%oftheamountofeductinthelessermolaramount. In this information the expression "amount 
r°l^f,u ! ° be underst00d 38 re,errin 9 10 » e we| 3 ht ^ P"re hydrogen trisfoxalatojphosphate, i.e. of the formula 
lP t (C 2 0 4 ) 3 ]H+, present, even though the catalyst may be impure and/or in the form of an adduct with a solvent e a 
diethyl ether. ' a " 

[0033] Conveniently about 10 - 100 ml, preferably about 20 - 40 ml, of organic solvent are used per 10 mmol of 

isophytol or phytol, whichever is employed. 
io [0034] If the process is carried out in a biphasic solvent system, especially one consisting of a polar aprotic organic 

solvent, e.g. an alkylene carbonate such as ethylene or propylene carbonate, and a non-polar organic solvent e g an 

aliphate hydrocarbon such as heptane, then the volumeratio of thenon-polarsolventtothepolarsolvent is conveniently 

in the range from about 0.3 : 1 to about 5:1, preferably from about 1 : 1 to about 3:2. 
« o^on MO,eOVer ' thB Pf0CeSS iS convenient| y car" 8 " 1 out an inert gas atmosphere, preferably gaseous nitrogen 

JSS Hi" aCtUa ' reaCti0 " general| y ,asts for 0-2 t0 about 20 hours, preferably about 0.5 to about 1 hour. 
[0037] The process in accordance with the invention can be carried out batchwise or continuously preferably con- 
tinuously, and in general operationally in a very simple manner, for example by adding isophytol or phytol, as such or 
in solution, portionwise to a suspension or solution of the trimethylhydroquinone and the catalyst. The rate at which 
the isophytol or phytol is added is not critical. Conveniently, isophytol/phytol is added continuously over a period of 
about 3 minutes to about 3 hours, preferably about 5 minutes to about 1 .5 hours. After completion of the isophytol/ 
phytol addition and an appropriate subsequent reaction period the working-up is effected by procedures conventionally 
used in organic chemistry. J 
[0038] If desired, the obtained (all-racj^x-tocopherol can be converted into its acetate, succinate, polyroxyethylene) 
succinate, nicotinate and further known application forms by standard procedures 

[0039] The process in accordance with the invention enables the catalyst used to be separated readily and to be 
reused several times. 

[0040] Advantages in the use of the catalyst in the process in accordance with the invention are, in addition to high 
yields of(all-rac)-a-tocopherol, the avoidance of corrosion, the avoidance of waste water contamination with heavy 
metal .ons, the high selectivity as well as the enabled ready isolation of the produced (all-racH-tocopherol from the 
mixture after reaction. Furthermore, the amount of dehydration products, so-called phytadienes. which tend to result 
from the action of acids on allylic alcohols such as isophytol and phytol, is kept to an acceptable minimum in the process 
of the present invention, as also the amount of furan derivatives which tend to be produced as by-products in dl-cc- 
tocopherol manufacture [see, for example, Bull. Chem. Soc. Japan 68, 3569-3571 (1995)1 
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[0041 J The process in accordance with the invention is illustrated by the following Examples (2 - 4; the first example 
Example 1 , serves to illustrate the production of the previously undisclosed catalyst, hydrogen tris(oxalato)phosphate): 



Example 1 



40 Preparation of Hydrogen tris(oxalato)phosphate (Catalyst) 
Procedure (a): 
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?5 Jl * ree ™ ctod reaction flask 52 95 9 ( 58 8 ™»t 3% excess quantity) of oxalic acid were dissolved 

l^oll SSX n ? 6 ethereal SOlUti ° n ° f ° XaliC acid was treated slowlv and continuously within 5 minutes 
with 39.59 g (1 90.2 mmol) of phosphorus pentachloride from a powder funnel, during the addition of which the reaction 
mixture warmed up to the reflux temperature. After completion of the phosphorus pentachloride addition the reaction 
SS?^ 3t ref ' UX temperalure for 2 nours - duri "9 which altogether 6.5 I (approx. 270 mmol, being approx 
28 /. of the theoretical amount) of hydrogen chloride gas had been generated and removed 
[0043] The mixture was then allowed to cool to room temperature. From the resulting two-phase fluid the upper 
phase was separated off and the lower phase washed four times wrth 200 ml of diethyl ether in each case An analysis 

imfS* "TT* T 6 ' Ph3Se a " d f ° Ur etherea ' Washings (upper phases > indicated tha t the acid content, 
inrUally 3.90 mmol/g (total 720 mmol), became rapidly less with each washing (finally, in the fourth ethereal washing, 
0.061 mmol/g, total 8 mmol). a 

remai ning 'ower phase was evaporated to dryness under reduced pressure, at a final bath temperature 

1Z « T? m J? T W CrySta " ine White S0Hd ' being the *" tad h y dr °9 en tris(oxalato)phosphate in the form of an 
aaauct with diethyl ether 
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Procedure (b): 



[0045] In a 1 1 four-necked reaction flask fitted with an intensive condenser, a thermoelement, a KPG stirrer and a 
heating mantle 1 58 * g (1 .764 mol) of dried oxalic acid dissolved in 490 g (700 ml) of diethyl ether were treated slowly 
SZZTT' w 5 n20minuteswfth 118.8g(0.572 mol) of phosphorus pentachlorkle from a powder funnel. During 
the addition the reaction mixture warmed up to the reflux temperature (36"C) with relatively strong generation of gas 
(hydrogen ch onde) After completion of the phosphorus pentachloride addition the reaction mixture was held at reflux 
temperature for 140 minutes, during which altogether 1 7.01 (approx. 0.688 mol, being approx 14% of the theoretical 
amount) of hydrogen chloride gas had been generated. theoretical 
[0046] The mixture was then allowed to cool to room temperature. From the resulting two-phase fluid the upper 
n nf^r tlf^ s ff ar f ^ °J| and me ' ower phase, containing the desired product, was washed five times with about 120 
g of diethyl ether in each case. As in the previous procedure the analysis of the initial* removed upperphase and the 

sum isstpSSt" ** the acid content became rapid * ,ess ^ the ^ * *. j 

f^ 471 J!" remai "' n 9 lower P hase - an oi| . wa * analyzed by C 6 D 6 spectroscopy, from which it 5 was established that 
.tconsistedpnncipallyofadiethyletheradduci of hydrogen tris(oxalato)-pho S phatefeaturing aboutfour(C 2 H JTunite 
per molecule. About 20 ml of the oily hydrogen trfe(oxalato)phosphate-diethy. ether adduci was dried under reduced 
8 * ? 0m n tam P erBtUre f0r 10 minutes - Withi " a short *» the oil was observed to solidify, the resulting solid 
weighing 1 7.7 g. Drying was continued for a further 3 hours at room temperature and 2 hours at 45 - 50°C after which 

lerZ.? f r hT ned nt . at 141 ^ ThS W6ight l0SS COrreS P° nded «*• *o removal of one mole of diethyl ether 
nhLT «, r V T tn !^ >Xalat0)ph0Sphate - ^ P roduct consisted <* «nely crystalline hydrogen tris(oxalato)phos- 
phate ,n the form of its adduct w,th diethyl ether, of which the analysis indicated a phosphorus (P) content of 2.7 mmol 
per gram. 



Example 2 

P ?*fL 7 ' 5 ^ 9 (49-5 mm0l) ° f Wm ethylhydroquinone were suspended in the employed solvent or solvent mixture 
whereby , n the case of a single solvent, i.e. ^butyro.actone, diethyl ketone or propylene carbonate, 50 mlTsuch 
ZSZ 7? '? ndth r ecase0f «^ent mixtureof an alMenecamonate, i.e. ethylene and/or propyenecareonate 
and an aliphatic hydrocarbon, ,.e. heptane, 50 ml of each were used. Thereafter, about 0.5 or about 10 mole % (based 

S^TT . iSOphyt °' USed) of * e cataJ y st h y dro 9en tris(oxalato) P hosphate in the form of its adduct with an 
estimated 3.3 molecules of diethyl ether per molecule was added. Then the mixture was heated to a temperature^ 

furtitrl ^'"t ' T atmOS P here - Subsequent* the reaction mixture was stirred under argon for a 

Aa l JTl temperature and monitorcd b V th in layer chromatography to follow the progress of the 
reaction^After the establishment of completed conversion to (all-iae^-tocopherol this product was recovered ft™ 

uTdeT^ 

[0050] The results are presented in the following Table 1 . 



Table 1 



^SsSSf ^ CatB ' V8t hVdr ° gen tris(oxalato)ph o sphate in the manufacture of (all-racla-toco phPrn. 



Amount of catalyst (mg) 



50 

53 

52.5 

48.5 

55.5 

104 



Solvent (ml) 



1 



Ethylene carbonate/heptane (50/50) 
Propylene carbonate/heptane (50/50) 
JeffsoKB/heptane (50/50) 
y-Butyrolactone (50) 
Diethyl ketone (50) 
Propylene carbonate (50) 



Yield 



92.4 % 

86.2% 

88.9% 

80.7% 

60.0% 

74.7% 



rfr^r?^ 1 iiST ° f ? y,ene ° arb0nate and pr ° Py,ene commercially available from Huntsman 

Corp., PO Box 15730, Austin, Texas 78761 , USA / Antwerp 2030, Belgium. 
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Example 3 



[0051 ] The procedure of Example 2 was repeated with the differences that various mole % amounts of catalyst were 
used (based on the amount of isophytol used), and the solvent was in all cases the biphasic solvent system 50 ml of 
Jeffsol© and 50 ml of heptane. The results are presented in the following Table 2. 



Table 2 



Results of the use of the catalyst hydrogen trisfoxalatriphosphate in the manufacture of (all- ra c)-«-toconhAmi , ,cinn 


vanous amounts of catalyst L K 


Amount of catalyst (mg) 


Yield 


20 


90.6 % 


50.5 


88.5% 


52.5 


88.9% 


55 


88.7% 


108.8 


85.9% 



Example 4 

[0052] The procedure of Example 2 was in principle repeated whereby various mole % amounts of catalyst and 
vanous biphasic solvent systems were used under variation also of the time of addition of the isophytol (IP) The results 
are presented in the following Table 3. v 

Table 3 



Influence of IP addition time 


Amount of catalyst (mg) 


Solvent (all 50ml/50ml biphasic systems) 


IP addition time (min.) 


Yield (%) 


42.1 


Ethylene carbonate/heptane 


20 


89.0 


50.0 


Ethylene carbonate/heptane 


10 


92.4 1 


53.0 


Propylene carbonate/heptane 


20 


86.2 


50.0 


JeffsoWMieptane 


120 


72.6 


51.5 


JeffsoKBVheptane 


40 


85.3 


55.0 


JeffsoKBWieptane 


20 


88.7 


50.5 


JeffsoKBWieptane 


10 


88.5 


47.6 


JeffsoKByheptane 


5 


84.3 



Claims 



1. A process for the manufacture of (all-racj-ce-tocopherol by the catalyzed reaction of trimethylhydroquinone with 
isophytol oi • phytol characterized by carrying out the reaction in the presence of hydrogen tris(oxalato)phosphate 
as the catalyst in an organic solvent. 

2. A process according to claim 1 , wherein the catalyst hydrogen tris(oxalato)-phosphate is used as its adduct with 
a solvent, particularly an aliphatic ether, preferably diethyl ether, or is added in solution, particularly in an aliphatic 
ether or a dialkyl or alkylene carbonate, for example the solvent in which the catalyst was prepared. 

3. A process according to claim 1 or 2, wherein an aliphatic or cyclic ketone, a cyclic ester, a dialkyl or alkylene 
carbonate or an al.phatic or aromatic hydrocarbon, or a mixture of two or more of such solvents, is used as the 
organic solvent in which the reaction for the manufacture of (all-rac)-a-tocopherol is carried out. 

4. A process according to claim 3, wherein the solvent is diethyl ketone, isobutyl methyl ketone, cyclopentanone 
isophorone, ^butyrolactone, dimethyl carbonate, diethyl carbonate, ethylene carbonate, propylene carbonate' 
hexane, heptane, octane, benzene, toluene or an xylene, or a mixture of two or more of such solvents 



8 



EP 1 227 089 A1 



5 ' J^SS T 0 ^ 9 10 ™2 006 ° f ?' aimS 1 10 4> Wh6rein * e reaCti0n is eanW out in a ^Phasic solvent system 
preferably m ethylene and/or propylene carbonate as the one phase and heptane as the other phase. 

6. A process according to any one of claims 1 to 5, wherein the amount of hydrogen trisfoxalatotohosohate used as 

so^E: 8 TZT*- T 5 , m ° ,e % t0 ab ° Ut 4 m °' e % b3Sed °" *• ™< * tnmX Squi one S 
isophytol/phytol, which is in the lesser molar amount. yui"H"»'one or 

7. Aprocessaawrdingtoanyoneofclaimsl to6 l whereinabout10.100ml,p re fer B blyabou120-40ml of organic 
solvent are used per 10 mmol of isophytol or phytol, whichever is employed ^ 

8 ' £ P 'T? S c a ^ rdin9 . t0 any °" e °' Cteims 1 10 7 ' wherein the reaction fe eff «*ed at temperatures from about 50°C 
to about 150°C, prefembfy from about 90"C to about 125»C, most preferabfy from about 105X to luT 2 0' C 

9 ' nZT* 10 ^ ° ne ° f C ' aimS 1 10 8 ' Wherein the molar ratio ° f tnmethylhydroquinone to isophytol, 

phytol present ir , the reaction mixture extends from about 1 : 1 to about 2.5 : 1 , preferably from about^T Ho 
about 22 : 1,and is most preferably about 2:1. V ' 0 

10. A process according to any one of claims 1 to 9, wherein isophytol or phytol, as such or in solution is added 
portionw.se to a suspension orsolution of the tnmethylhydroquinone and the catalyst. 

1 1 . A process according to any one of claims 1 to 1 0, wherein the process is carried out in a continuous manner. 
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